SUMMARY Respiratory rates and patterns were studied in 23 patients with acute brain stem infarction using impedance pneumography. Autopsy was obtained in six of eight fatal cases. Pontine lesions were present in all patients, with coexistent infarction of midbrain in four and of medulla in nine. Respiratory rate and pattern abnormalities observed included Cheyne-Stokes respiration, CheyneStokes variant pattern and tachypnea. Abnormalities of respiratory rate and pattern of varying duration were observed at some time in all patients. All patients in whom prominent Cheyne-Stokes respiration or tachypnea were observed had extensive bilateral pontine lesions involving both basal and tegmental portions. However, not all patients with large pontine infarcts had Cheyne-Stokes respiration or tachypnea. Cheyne-Stokes respiration was prominent in four patients (two fatal, two nonfatal). Cheyne-Stokes variant pattern was present frequently in four patients (one fatal, three nonfatal). Sustained tachypnea developed in five patients, four of whom died. In ten patients (one fatal, nine nonfatal), normal respiratory rate and pattern predominated with only rare or occasional appearance of Cheyne-Stokes respiration or Cheyne-Stokes variant pattern, especially during sleep. The types of respiratory rate and pattern abnormalities in acute brain stem infarction were not specifically related to the level of lesions, but rather to the size and bilaterality of the lesions. Respiratory alkalosis was present in varying degrees in most patients with either tachypnea or prominent CSR.
Introduction
ABNORMALITIES of respiratory rate and pattern may occur in patients with brain stem lesions. As previously described, these consist of Cheyne-Stokes respiration (CSR), Cheyne-Stokes variant pattern (CSV), cluster, apneustic and ataxic respirations and tachypnea or "central neurogenic hyperventilation" (CNH). 1 " 8 The occurrence of these abnormalities may be related to the site and extent of the lesion 2 "* as well as to prognosis. 7 The mechanisms underlying these alterations of respiratory patterns are not well understood. Beyond sporadic case reports, information on the types and frequency of various respiratory pattern abnormalities in acute brain stem infarction is incomplete. The present study was undertaken to investigate the frequency of respiratory rate and pattern abnormalities in patients with acute brain stem infarction as well as the prognostic significance of the observed abnormalities.
Impedance pneumography has been used to detect respiratory rate and pattern abnormalities in patients with central nervous system lesions. 1 ' "• • This simple atraumatic technique accurately measures respiratory rate and pattern and, less reliably, the volume of respiration based on changes in transthoracic impedance. 10 ' " Methods Twenty-three patients with acute brain stem infarction admitted to the University of Minnesota Neurological Intensive Care Unit within 72 hours after onset of symptoms were studied during the first two weeks of hospitalization (table  1) . Diagnoses were made on the basis of clinical examination and laboratory evaluation; in six of eight patients who died, the diagnoses were confirmed by postmortem examinations. Only those patients with spontaneous respirations without assisted ventilation were included in the study. Using im- pedance pneumography, permanent records of respiratory rates and patterns were obtained with a chart recorder at approximately hourly intervals during the period of observation in the intensive care unit. This period of observation was varied in duration depending on the patient's clinical status. Arterial blood gas samples for pH, Pco 2 and Po 2 were obtained in all patients on the day of admission and occasionally thereafter. The frequency and type of respiratory pattern abnormalities were then related to the location of the lesions. The respiratory rate and pattern abnormalities were not quantitated, although the trends of the changes were noted in individual patients. Figure 1 illustrates the types of respiratory rates and patterns observed in this group of patients. Periods of hyperpnea regularly alternating with periods of apnea were designated Cheyne-Stokes respiration (CSR). The term Cheyne-Stokes variant (CSV) was used to designate respiratory patterns in which phasic variations in depth of respiration without definite apneic periods occurred. Cluster respiration was used to refer to several breaths of varying depth interspersed with apneic episodes which were usually of irregular length. Rapid, regular respiratory rates greater than 30 per minute were designated as tachypnea. Other types of respiratory rate and pattern changes were not included because of difficulties in distinguishing them from artifactual changes using the impedance pneumography technique. As also observed in healthy subjects by others," occasional periods of very short duration of CSR and/or CSV were observed in all patients at some time during the period of observation, especially during sleep. These were not considered to be abnormal and these patients were thus categorized as having normal respiratory patterns. Patients with frequent or persistent abnormal respiratory patterns were classified on the basis of the abnormal respiratory pattern observed most frequently. Patients in whom both CSR and CSV patterns were observed were classified as having CSR.
Results
Abnormalities of respiratory rate and pattern were observed at some time in all patients. In most patients who ACUTE BRAIN STEM INFARCTION/Lee et al. showed abnormal respiratory patterns, the abnormality was usually intermittent and was intermixed with periods of normal respiratory pattern.
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The predominant respiratory abnormalities observed were correlated with the sites of the lesions (table 2) . Nine of 23 patients had unilateral brain stem involvement whereas 14 had bilateral involvement. Pontine lesions were present in all cases, with coexistent infarction of the midbrain in four and of the medulla in nine. In general, patients-with unilateral brain stem lesions were alert, while patients with bilateral lesions were either intermittently drowsy or comatose. In addition, ocular bobbing was prominent in two, and five patients represented examples of the "locked-in" syndrome.
Ten patients had predominantly normal respiratory rates and patterns; in six the lesions were unilateral while the other four had bilateral brain stem involvement. All of these patients were alert or only intermittently drowsy. In four patients with pontine lesions (three unilateral and one bilateral) the predominant abnormal pattern was CSV. CSR was the predominant respiratory pattern abnormality in four patients; all had bilateral pontine involvement with coexistent involvement of the midbrain in one and of the medulla in one. All of these patients were comatose. Sustained tachypnea with probable hyperpnea was observed in five patients, all of whom showed clinical evidence of bilateral pontine involvement. Two of these patients were intermittently drowsy while the other two were comatose. It should be noted that frequent episodes of CSR or sustained tachypnea were present only in patients with bilateral brain stem lesions. Apneustic respirations were not observed in any of these 23 patients; cluster respirations were noted infrequently in four patients (two with CSR, two with CSV).
In ten of 23 patients there was evidence of cardiac, pulmonary and/or other systemic diseases which may have played a significant role in the development of respiratory rate and pattern abnormalities. Such systemic disorders were present in three of our patients with CSR, two of four with CSV, and three of five with tachypnea, but in only two of ten with normal patterns.
Some apparent correlations between the presence of respiratory abnormalities and prognosis were noted. Eight of 23
•| minute-| _i.j_Li_u i j . , . i _j _L_r n j TLJ ! LJ LL i " of four patients with CSV survived; the fourth died due to myocardial infarction. Two of four patients with CSR died; in both, death appeared to be related to the CNS lesions. Four of five patients with sustained tachypnea died; all deaths appeared to be related to extensive brain stem pathology. In six of eight fatal cases, postmortem examination was obtained (table 4 ). All patients with predominantly CSR or tachypnea had extensive bilateral pontine lesions involving both basal and tegmental portions. Two patients with unilateral pontine lesions had normal or CSV patterns. Arterial gas studies showed varying degrees of respiratory alkalosis and mild hypoxemia in most patients with either CSR or tachypnea ( fig. 2 ). Respiratory alkalosis was most severe in patients with sustained tachypnea. In patients with normal or CSV patterns, respiratory alkalosis, if present, was mild.
Discussion
The regulatory centers for automatic respiration are located in the lower pons and medulla. These centers are constantly influenced by other complex neurogenic as well as metabolic control mechanisms. Thus, the presence of pathological lesions involving these centers may be expected to result in changes of respiratory function as reflected by alteration of rates and patterns. This study demonstrates the frequent occurrence of respiratory rate and pattern abnormalities and arterial gas changes in patients with acute brain stem infarction. It may be difficult or impossible to separate neurogenic from non-neurogenic factors resulting in the observed changes of respiratory rates and patterns. However, it is interesting to note that no apparent systemic disease was found to be present at the time of acute brain stem infarction in one of four patients with CSR, two of four with CSV, and two of five with tachypnea. This observation indicates that acute brain stem ischemic lesions may result in respiratory rate and pattern abnormalities without the presence of concomitant systemic diseases, as observed by others in patients with CSR. 6 Other investigators 28 have suggested that specific respiratory rate and pattern abnormalities may be correlated with the location of the central nervous system lesions. In this study, however, the types of respiratory rate and pattern abnormalities in acute brain stem infarction were not specifically related to the level of the lesions but rather to the extent and bilaterality of the lesions. Patients with lesions of similar size and location did not always demonstrate identical respiratory pattern abnormalities.
Normal or CSV respiratory patterns were usually present in patients with mild neurological deficit and unilateral involvement. All of these patients survived except for one patient in whom fatal pneumonia developed. Prognosis therefore seems excellent in this group of patients with acute brain stem infarction.
It is of considerable interest that apneustic respiration was not observed in any of our cases. Cluster respiration occurred occasionally in four patients in whom either CSR or CSV patterns predominated. Thus neither apneustic nor cluster respiration is a common phenomenon in patients with acute brain stem infarction.
The presence of CSR is usually thought to be indicative of deep bilateral cerebral dysfunction. 2 ' '• •• " Plum 8 further observed that CSR implies bilateral dysfunction of neurological structures, usually deep in the cerebral hemispheres or diencephalon and, rarely, of those located as low as the upper pons. This study demonstrates that CSR occurs frequently in patients with extensive bilateral pontine lesions involving both basal and tegmental regions. These patients usually showed depression of level of consciousness.
Two of four patients with prominent CSR died. In agreement with Rout et al., 7 this observation suggests that the presence of predominantly CSR pattern in patients with acute brain stem infarction may indicate a grave prognosis. Patients with sustained tachypnea with probable hyperpnea had the most extensive brain stem involvement; most of these patients died. One patient survived but with severe neurological deficit. It is possible that in some of these five patients, the observed tachypnea may represent "central
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neurogenic hyperventilation." However, in the presence of coexistent hypoxia in varying degree in many of these patients, it is difficult to differentiate "central neurogenic hyperventilation" from reflex hyperpnea.
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All patients with respiratory pattern abnormalities showed varying degrees of respiratory alkalosis (most severe in patients withtachypnea, less severe in the presence of CSR and least obvious in the presence of CSV). The underlying mechanism for the development of respiratory alkalosis in acute stroke is not clear. However, it is probably related to a combination of both neurogenic factors and hypoxic drive.
Impedance pneumography appears to be a useful technique for detecting respiratory pattern abnormalities which would otherwise often not be detected in the usual clinical setting. The method permits constant monitoring of respiratory patterns but does not provide accurate information on volumetric pulmonary changes. However, in conjunction with intermittent measurements of pulmonary ventilation and arterial gas studies, this technique may prove to be useful in further elucidating complex neurogenic influences on respiration.
This study also suggests that the types of respiratory pattern changes seen in patients with acute brain stem infarction may have a prognostic significance. Quantitation of these abnormal respiratory patterns may thus provide useful prognostic information in the observation and management of patients with acute brain stem lesions.
